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ABSTRACT 

 

A number of works have been carried out for the evaluation of a ultimate bearing capacity of shallow 

foundation, supported by geo grid reinforced sand and subjected to centric load. Few experimental studies have 

been made on the calculation of bearing capacity of shallow foundation on geo grid-reinforced sand under 

eccentric loading. However these studies are for strip footings. The purpose of this research work is to conduct 

model tests in the laboratory by utilizing rectangular surface foundation resting over the reinforced sand. The 

model tests have been conducted using rectangular footing with B/L=0.5 & 0.33. The average relative density 

kept up throughout all the tests is 69%. The sand is reinforced by multiple layers (2, 3 & 4) of geo grid. The 

eccentricity varies from 0 to 0.15B with an increment of 0.05B. Distance of first layer of geo grid layer from 

bottom of footing and the distance between two consecutive geo grid layers have been kept constant. The load 

settlement curve for each tests have been plotted to calculate ultimate bearing capacity. Parametric studies have 

been made to find the impact of eccentricity on bearing capacity of the foundation. The ultimate bearing 

capacity of eccentrically loaded square footings can be computed by knowing the ultimate bearing capacity of 

square footing under central load and a reduction factor (RkR) for reinforced condition. The reduction factor is 

developed based on the results of laboratory model tests on geo grid reinforced soil. The ultimate bearing 

capacity of eccentrically loaded rectangular footing resting over geo grid reinforced sand can be calculated by 

knowing the ultimate bearing capacity of rectangular footing resting over reinforced sand bed and subjected to 

central vertical load by using reduction factor (RkR). An equation for reduction factor for rectangular footing 

resting over geo grid reinforced sand is developed based on laboratory model test results.  

 

 

INTRODUCTION 

 

General  
Foundation is the lower most hidden but very important part of any structure whether it is onshore or offshore 

structure. It is the part which receive huge amount of load from superstructure and distribute it to ground. So the 

foundation should be strong enough to sustain the load of superstructure. The performance of a structure mostly 

depends on the performance of foundation. Since it is a very important part, so it should be designed properly.  

 

Design of foundation consists of two different parts: one is the ultimate bearing capacity of soil below foundation and 

second is the acceptable settlement that a footing can undergo without any adverse effect on superstructure. Ultimate 

bearing capacity means the load that the soil under the foundation can sustain before shear failure; while, settlement 

consideration involves estimation of the settlement caused by load from superstructure which should not exceed the 

limiting value for the stability and function of the superstructure.  

 

Ultimate bearing capacity problem can be solved with the help of either analytical solution or experimental study. 

First one can be studied using theory of plasticity or finite element method, while the second is reached through 

performing laboratory model test.    

 

A literature survey on this subject shows that the majority of the bearing capacity theories involve centric vertical load 

on the rectangular footing. However in some of the cases, footing undergo eccentric loading due to the eccentrically 

located column on footing or due to the horizontal force along with vertical load acting on the structure. Footing 

located at property line, machine foundation, portal frame buildings are some examples where the foundations 

experience eccentric loading.  

 

A foundation under load will undergo settlement due to the horizontal and vertical movement of soil particle below 

foundation. In case of centric vertical load on the footing, stress distribution will be uniform below the footing and the 

footing will undergo equal settlement at both edges. On the other hand if the load is eccentric, the stress distribution 
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below the footing will be nonuniform causing unequal settlement at two edges which will result in the tilt of footing. 

The tilt will increase with the increasing eccentricity to width ratio (e/B). When eccentricity to width ratio (e/B) is 

greater than 1/6, the edge of the footing away from load will lose it’s contact with the soil which will result in the 

reduction of effective width of footing and hence reduction of ultimate bearing capacity of foundation. Researchers are 

introducing reinforcing material like metal strip, geofome, geo textile and geogrid to enhance the ultimate bearing 

capacity of foundation. Now a day’s use of geo grid has increased due to its high tensile strength at low strain, open 

grid structure which causes bonding between geogrid and foundation soil, long service life, light weight. High modulus 

polymer materials like polypropylene and polyethylene are used to manufacture the geogrid. Geogrid may be of two 

type i.e. biaxial and uniaxial geogrid depending upon the nature of manufacturing. 

 

LITERATURE REVIEW 

 

General  
After going through the literature, it has been found that several researchers worked on foundation problem. Some 

researchers worked on unreinforced sand bed while some worked on reinforce sand bed. At the same time, some 

researchers based their study on the results of prototype laboratory model testing while some researchers used theories 

based on finite element and numerical analysis to develop formulas to predict ultimate bearing capacity. Results that 

are available is related to the enhancement of load bearing capacity of shallow foundation supported by sand 

reinforced with metal strip, metal bar, rope fibers, geo textile and geo grid. Some of these tests were conducted using 

model square foundation while others using model strip foundation.  

 

FOOTING RESTING ON UNREINFORCED SOIL 

  

Terzaghi (2014) was first to proposed a theory to calculate the ultimate bearing capacity of shallow foundation. The 

foundation having depth less than or equal to width is considered as shallow foundation as per this theory. This theory 

assumed the foundation as strip foundation with rough base. The soil above the bottom of foundation is considered as 

the surcharge q = γDf. The failure zone under the foundation is distinguish into three part i.e. one triangular zone just 

below the foundation, two radial shear zone and two Rankine passive zone. Using the equilibrium analysis, Tarzaghi 

expressed the ultimate bearing capacity in the form of  

 

Meyerhof (2013) extended the bearing capacity theory of foundation under the central vertical load to eccentric and 

inclined load and gave a theory which is referred as effective area method. Analysis result of eccentric vertical loads 

on horizontal foundation is correlated with the result of model footing test on clay and sand. Further the theory is 

extended to central inclined loads on horizontal and inclined foundation and compared with model test result of 

footing on clay and sand. Finally both results are combined for the analysis of foundation with eccentric inclined load.  

 

Vesic (2013) in his research, considered the effect of shape of footing, effect of shearing resistant of soil above the 

bottom of footing and proposed a relationship for shape factor. A number of researchers proposed different 

relationship for bearing capacity factor as well as shape and depth factor which is summarized below.  

 

Highter and Anders (2005) made a theoretical approach to find out the effective area of rectangular footing subjected 

to a load eccentric in both direction. Four possible cases of eccentricity are considered by the author.  

 

Huang and Tatsuoka (2003) performed a number of plane strain model test on a strip footing. The effect of length, 

the arrangements, the rigidity and the breaking strength of reinforcement were scrutinized systematically. The strain 

field in sand, the tensile force in reinforcement and the distribution of contact pressure on footing were measured. 

Based on the test result, a method of stability analysis by the limit equilibrium method was developed, taking into 

account the effect of the arrangement and properties of reinforcement and the failure mode of reinforced sand. The test 

result shows that the bearing capacity in sand can increase largely by reinforcing the zone immediately beneath the 

footing with stiff short reinforcement layer having only a length equal to the footing width.  

 

Khing et. al. (1993)performed laboratory model test for bearing capacity of strip foundation supported by sand 

reinforced with a number of geogrid. Based on the model test result, BCR based on ultimate bearing capacity and at 

level of limited settlement of the foundation has been determined. The BCR calculated on the basis of limited 

settlement appears to be about 60-70% of the ultimate BCR.  

 

Das and Omar (1994) performed laboratory model test to calculate the ultimate bearing capacity of surface strip 

foundation on geogrid reinforced sand and unreinforced sand. Effect of width of foundation and relative density of 

sand bed were also observed by changing this parameter. Model test result shows that BCR of given sand geogrid 

system decreases with increase in foundation width and reached to a practically constant value when width of 

foundation is equals or greater than about 130-140mm.   
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Das et. al. (1994) performed laboratory model test for ultimate bearing capacity of strip foundation supported by 

geogrid reinforced sand and saturated clay. On the basis of model test result, the optimum depth and width of 

reinforcing layers and the optimum depth of location of the first layer of geogrid in sand and saturated clay were 

determined and compared. Test result shows that the settlement of strip foundation at ultimate load on reinforced and 

unreinforced clay is practically same while in case of sand, an increase in ultimate load brought about by the 

reinforcement is accompanied by an increase in the settlement of the foundation. For maximum BCR, the optimum 

width of geogrid layer is 8B for sand and 5B for clay.     

 

Yetimoglu et. al. (1994) performed laboratory model test as well as finite element analysis to investigate the ultimate 

bearing capacity test of centrically loaded rectangular footing on geogrid reinforced sand. The test indicated that 

optimum embedment depth was approximately 0.3B. The analysis indicated that the optimum depth would be 

somewhat larger for settlement ratios greater than 6%. For multilayer reinforced sand, the highest bearing capacity 

occurs at an embedment depth of approximately 0.25B.  

 

Zhao (1996) presented a failure criterion for a reinforced soil composite and described the slip line equation for 

reinforced soil. Also calculate the failure load and stress characteristics for reinforced slope, wall and foundation. The 

result shows that inclusion of reinforcement enlarges the plastic failure region in reinforced soil structure and 

significantly increases the load capacity.     

 

Dash et. al. (2001) performed laboratory model test on strip footing supported by sand bed reinforced with geo cell 

mattress. The test is performed by changing the pattern of geo cell formation, pocket size, height and width of geo cell 

mattress, tensile stiffness of geo grid used to make the geocell and relative density of sand. The result shows that 

pressure-settlement behavior of strip footing resting on geocell reinforced sand is approximately linear even up to a 

settlement of about 50% of footing width and a load as high as 8 times the ultimate capacity of unreinforced one.   

 

Shin et. al. (2002) performed small scale laboratory model test to determine the ultimate bearing capacity of strip 

foundation supported by geogrid reinforced sand. For the test, embedment ratio of the foundation was varied from 

zero to 0.6. The result shows that for a given reinforcement depth ratio, u/B, h/B, and b/B the BCRu increases with the 

embedment ratio of the foundation   (Df / B).   

 

Kumar and Saran (2003) extend the method of analysis of strip footing on reinforced earth presented by Binquet and 

Lee (1975) and Kumar and Saran (2001) to rectangular footing on reinforced sand. The validation has been done with 

large scale model test conducted by Adams and Collin (1997). An empirical method has been proposed for 

determination of ultimate bearing capacity of reinforced soil.  

 

Kumar et. al. (2005) proposed a method to obtain the pressure-settlement characteristics of rectangular footings 

resting on reinforced sand based on constitutive law of soil. The effect of weight of soil mass has been considered in 

determination of stress. The base of footing has been assumed smooth, as effect of roughness on pressure-settlement 

characteristics has been found to be negligible Saran (1977). Stresses in soil mass have been computed using theory of 

elasticity. Strains have been computed from the hyperbolic soil model defined by Kondner (1963). The analysis has 

been validated with the model test result conducted by Kumar (1997). Predicted and model test result match well up to 

two-third of ultimate bearing pressure.  

 

Patra et. al. (2005) presented laboratory model test result of strip foundation supported by multilayered geogrid-

reinforced sand. Embedment depth of foundation is the variable (0 to 1B) parameter in this study.  The ultimate 

bearing capacity obtained from the model test result has been compared with the theory proposed by Hung and Menq 

(1977). The result of this study shows that the BCR increases with the increase in embedment ratio. 

 

Omar (2006) conducted the laboratory model test for ultimate bearing capacity of eccentrically loaded strip 

foundation supported by multilayer geogrid reinforced sand. Based on the laboratory model test, an empirical 

relationship for reduction factor has been developed.  This relationship can be used to calculate ultimate bearing 

capacity of eccentrically loaded strip footing if ultimate bearing capacity of centrically loaded strip footing is 

available. The reduction factor Rk is  

 

Kumar et. al. (2007) investigated the ultimate bearing capacity of strip footing supported by reinforced and reinforced 

subsoil consisting of a strong sand layer overlying a low bearing capacity sand deposit. Based on the model test result, 

the effect of stratified subsoil on foundation bearing capacity, the effect of reinforcing the top layer with horizontal 

layers of geogrid reinforcement on the bearing capacity and effect of reinforcing stratified subsoil on the settlement of 

the foundation has been analyzed. The result showed that there is up to 3 to 4 times increase in ultimate bearing 

capacity of strip footing resting on sand after replacing the top 1B thick layer of existing weak soil with well graded 

sand layer and reinforcing it with 2–4 layers of geogrid reinforcement.  
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Basudhar et. al. (2008) analyzed the behavior of a geotextile-reinforced sand-bed subjected to strip loading using the 

finite element method. The soil–geotextile interaction has been modeled by assigning the contact conditions at the 

interface. Based on the parametric study it has been found that for a single layer of geotextile  

 

Latha and Somwanshi (2009) presented the laboratory model test and numerical simulation result for bearing 

capacity of square footing resting on geosynthetic reinforced sand. The effect of various reinforcement parameters like 

the type and tensile strength of geosynthetic material, number of reinforcement, layout and configuration of 

geosynthetic layer below the footing is studied. Model test result shows that effective depth of the zone of 

reinforcement below square footing is twice the width of footing, the optimum spacing of reinforcement layer is about 

0.4 times the width of footing and the optimum width of reinforcement is 4 times the width of footing. 

 

Nareeman (2012) performed experimental work with circular, square and rectangular footing to study the effect of 

scale on bearing capacity and settlement of footing. Then the experimental result is compared with finite element 

analysis result. Model test results show that the bearing capacity factor Nγ is dependent on the absolute width of the 

footing and Nγ for dense soil decreases with increasing of footing size.    

 

Kolay et. al. (2015) investigated the ultimate bearing capacity of rectangular footing supported by geogrid reinforced 

silty clay soil with thin layer of sand on the top. Initially one geogrid is placed at the interface of soil with u/B equals 

to 0.667 and it is found that bearing capacity increases with an average of 16.67% and when one geogrid is placed at 

the middle of sand layer with u/B equals 0.33, bearing capacity increases with an average of 33.33%. 

 

Kumar et. al. (2018) proposed an analytical procedure based on non-linear constitutive laws of soils to obtain 

pressure-settlement characteristics of strip footings resting on layered reinforced sand. The confining effect of the 

reinforcement provided in the soil at different layers has been incorporated in the analysis by considering the 

equivalent stresses generated due to friction at the soil-reinforcement interface. Result shows that predicted and model 

test result match well up to two-third of ultimate bearing pressure.  

 

EQUIMENTS AND MATERIALS 

 

General  
The basic aim of this research is to discover the bearing capacity of reinforced sand bed. So the sand is the basic 

material which is used in this research work. Tensar Biaxial geogrid is used to reinforcing the sand. Hydraulic static 

loading machine is used to apply the concentrated load on the mild steel footing which is transferred to sand bed in 

form of distributed load. Test tank of dimension 1 X 0.504 X 0.655 m is used to prepare the sand bed.  

 

MATERIAL USED 

 

SAND  

a) Sample Collection  

The sand used in research work is collected from nearby Koel river. The sand is washed to make it free from soil, 

grass roots, and other organic materials and then the washed sample is dried in oven. The oven dried sample is first 

sieved on 710μ IS sieve and then the sand passing through  710μ IS sieve is again sieved on 300μ IS sieve. The sand 

sample retained by 300μ IS sieve is used for research work.       

 

Characteristics of Sand  

All experiments are conducted at same relative density of 69%. The average unit weight of sand at this relative density 

is 1.46g/cc and internal friction angle is found out to be 40.9
0
 by direct shear test at this relative density.  

 

Geogrid  
Geo grids form a separate type of geo synthetics designed for reinforcement. Geo grids are categorized by a relatively 

high tensile strength and a uniformly distributed group of large openings in between longitudinal and transverse rib. 

These openings are called aperture. The openings allow sand particle on either side of the mounted geo grid to come in 

direct contact which increases the interaction between the geo grid and sand. The geo grid features vary in polymer 

type and cross-sectional proportions. Geo grids are manufactured using high modulus polymer materials like 

polypropylene and high density polyethylene and are either inherently manufactured, ultrasonically or glue bonded. On 

the basis of strength direction, geo grids are classified as Biaxial and Uniaxial while classified as Rigid and Flexible 

based on rigidity.        

 

Test Tank  

Tank size is decided on the basis of IS code and from the result of some literature. IS 1888-1962 says that minimum 

size should be at least 5 times the width of test plate to develop the full failure zone without any interference of side. 

For cohesionless soil, Chumar (1972) suggested that the maximum extension of failure zone will be 2.5 times of the 

footing width along the side and 3 times the width of footing below the footing. Keeping the above criteria in mind, 
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1m long tank with 0.504m width and 0.655m height has been used for 10cm20cm footing and 1.8m long tank with 

0.504m width and 0.655m height has been used for 10cm30cmfooting during experimental work. Due to the tank 

size, there may be some scale effect which will influence the ultimate bearing capacity of footing resting over geogrid 

reinforced sand bed. Since tests under both the loading condition (i.e. centric and eccentric) have been conducted in 

same tank, there will not be  

 

Where any effect on the reduction factor (RKR) since reduction factor is defined as  

 

quR(e)and quR(e=0) are the ultimate bearing capacity of reinforced sand bed under eccentric and centric loading 

respectively. The tank is made up of 8mm thick mild steel plate with 12mm thick high strength fiber glass on two 

longitudinal side to make this side transparent. Horizontal bracings of 6mm thick flat are provided on the all four sides 

of tank to prevent bulging of side during experimental work. A number of scales are fitted on the inner face of tank 

wall to ensure the height of fall and density during the sample preparation.     

 

EQUIPMENT USED 

 

Static Loading Unit  

A hydraulically operated static loading unit is used to apply the load on the foundation during test. The whole loading 

unit consist of one electrical panel, one power pack and one loading frame with shaft. Power pack consist of one oil 

tank filled with oil which is used to develop hydraulic pressure and it also consist of several valves to control the flow 

of oil to loading unit and hence control the movement of shaft. The shaft is supported by a horizontal beam which 

provides the reaction to the shaft during application of load.    

 

Proving Ring  

Proving ring of 20kN, 25kN, 50kN & 100kN is used during experiment to measure the applied load on the foundation 

during the experimental work. Top of proving ring is attached with the movable shaft of static loading unit while the 

bottom is in contact with the metallic ball which is resting on the footing. When load is applied, the load is transmitted 

from proving ring to the footing via this metallic ball.  

 

Dial Gauge  

Two number of dial gauge which can measure settlement up to 50mm with least count of 0.01mm is used during the 

experimental work. Needle of the dial gauge is placed on the two diagonally opposite corner of the footing. Magnetic 

base which is supported by test tank is used to support the dial gauge.      

 

Model Footing  

Model footing of thickness 3cm made up of mild steel is used for experimental work. A 1cm deep circular grove is 

made to hold the metallic ball on one face of the footing at center and at an eccentricity of 0.05B, 0.1B & 0.15B from 

the center on the separate footings. Sand is applied on the other face of footing with the help of epoxy glue to make it 

rough so that friction between footing and foundation soil can develop during application of load.   

 

MODEL TEST AND METHODOLOGY 

 

General  
To study the bearing capacity of eccentrically loaded foundation, laboratory model test has been performed on 

rectangular footing resting on sand bed reinforced with multilayered geo grid. Model test is performed on sand 

remolded at one density, footing with eccentricity varied from 0 to 0.15B and number of reinforcement varied as 0, 2, 

3 & 4. Footing is resting on the surface of reinforced sand bed i.e. depth of embedment is zero in the test. Metallic ball 

is used as load transferring medium between shaft and model footing.  

 

SAMPLE PREPARATION 

 

Placement of Sand  

Internal dimension of the test tank is measured and weight of sand to fill the tank upto a specified height is calculated 

using working density of 1.46gm/cc. Now sever trials are made to discover the height of fall of sand by allowing the 

sand to fall from different height to filling the tank up to desired height. After filling the tank upto desired height using 

raining technique, density of sand filled in tank for different trials is calculated. Height of fall for which the density is 

same as working density is taken for sample preparation. After finding out the height of fall, weight of sand require for 

2.5cm thick layer to maintain the working density is taken and poured into the tank from specified height of fall using 

sand raining technique. Each layer is levelled using level plate to check whether the density is maintained properly or 

not. For the preparation of reinforced sand sample, geogrid is placed at desired depth from bottom of footing after 

levelling the surface to make it horizontal. Placement of geogrid is described in detail in section 4.2.2.  
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Placement of Geogrid  

In case of reinforced sand bed, it is very essential to decide the magnitude of u/Band b/B to take the maximum 

advantage in bearing capacity of reinforced sand. After going through several literature, it has been found that (u/B)cr 

for strip foundations vary between 0.25 and 0.5, (b/B)cr is 8 and 4.5 for strip footing and square footing respectively 

and (h/B)cr lies between 0.25 to 0.4. By keeping the above factor in mind, for this test these factors are fixed as (u/B) = 

0.35, (b/B) = 4.5 & (h/B) = 0.25. Since in this test, width of footing B is 10cm so width of geogrid b is taken as 4.5cm. 

The depth of first layer u from bottom of footing is taken as 3.5cm and distance between each consecutive layer h is 

taken as 2.5cm.  

 

Equipment Setup   

After preparation of reinforced or unreinforced sample, footing is placed over the top of sand bed in such a way so that 

footing is parallel to the wall of test tank. Proving ring of desired capacity is attached with the cylindrical shaft of 

static loading unit and brought into contact with footing through metallic ball in between shaft and footing. Before 

making contact between shaft and footing, ensure that shaft is vertical.  

 

Model Test Procedure  

Theoretical bearing capacity of the sand bed is calculated using Meyerhof’s bearing capacity formula. Now this 

ultimate load is applied on the footing in 8 steps. Load to be applied in one steps is calculate by dividing the ultimate 

load by number of steps and then load in one step is again dividing by least count of proving ring used during the test 

to calculate the number of division in each step. Since the test is stress controlled, the load calculated in one step is 

applied on the footing and corresponding settlement is measured by taking average reading of both dial gauge fitted at 

two diagonally opposite corner of footing. After taking the reading on proving ring and dial gauge, load applied is 

calculated by multiplying the number of division on proving ring by it’s least count and corresponding settlement is 

calculated by multiplying the dial gauge reading by it’s least count i.e. 0.01. Now the load-settlement curve is drawn 

and using double tangent method, experimental bearing capacity is extracted.   

 

RESULTS AND ANALYSIS 

 

General  
Load tests have been performed on model rectangular footings of size 10cm x20cm and 10cm x 30cm resting over 

unreinforced as well as reinforced sand bed with eccentricity varying from 0.0 to 0.15B. For preparing reinforced sand 

bed, multiple number (2, 3, 4) of geo grid (SS20) layers have been introduced. Settlement corresponding to each load 

increment is noted and the test result is plotted in term of load-settlement curve. Ultimate bearing capacity for each test 

is determined from load-settlement curve using tangent intersection method. Bearing capacity result is then analyzed to 

develop mathematical relationship for reduction factor (RKR) which is the function of eccentricity width ratio (e/B) and 

the ratio of depth of reinforcement layer and width of footing (df/B).     

 

BEARING CAPACITY OF UNREINFORCED SAND 

 

Model Test Result 

Results of load test have been plotted in term of load-settlement curve as shown in Figure 5.1 & 5.2 for footing size 10 

/20cm (B/L = 0.5) and 10/30cm (B/L = 0.33) respectively. From the graph, it is observed that ultimate bearing 

capacity decreases as eccentricity width ratio (e/B) increases and also the total settlement at failure load decreases as 

eccentricity width ratio (e/B) increases. By comparing the graph shown in Figure 5.1 and Figure 5.2, it can also be 

concluded that as the width to length ratio (B/L) decreases, load carrying capacity of footing increases.    

 

 
 

Figure 5.1. Load-settlement curve of unreinforced sand bed (B/L=0.5) 
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Figure 5.2. Load-settlement curve of unreinforced sand bed (B/L=0.33) 

 

From the load-settlement curve shown in Figure 5.1 and Figure 5.2, ultimate load carrying capacity of both B/L ratio 

i.e. 0.5 & 0.33 and for all eccentricity has been calculated using tangent intersection method. The result has been 

tabulated in Table 5.1 & 5.2 for B/L=0.5 & 0.33 respectively and compared with theoretical value of load carrying 

capacity given by different authors. The variation of theoretical bearing capacity with eccentricity calculated by using 

different formula along with experimental results has been plotted in Figure 5.3 for B/L=0.5 and in Figure 5.4 for 

B/L=0.33.   

 

BEARING CAPACITY OF GEOGRID REINFORCED SAND 

 

Model Test Result 

Laboratory model tests have been performed using rectangular footing with B/L=0.5 & 0.33 resting over the geo grid 

reinforced sand. The sand is reinforced by placing multilayer (N=2, 3, 4) geo grids with df/B ratio equals to 0.6, 0.85 

& 1.1, where df  is the depth of lower most geo grid layer from bottom of footing and B is the width of footing. The 

load is applied centrally as well as eccentrically on the model footing using static loading machine. Settlement 

corresponding to each load increment has been noted down and load settlement curve has been plotted.  

 

From the load-settlement curve shown in Figure 5.10 to Figure 5.15, ultimate load carrying capacity of both B/L ratio 

(i.e. 0.33 & 0.5) and for all eccentricity has been calculated using tangent intersection method. The result has been 

tabulated in Table 5.3 to Table 5.6 for e/B = 0, 0.05, 0.10 & 0.15 respectively with different number of geogrid layers. 

Theoretical ultimate bearing capacity for centrally loaded footing on reinforced sand has been calculated using formula 

given by Huang and Menq (1997) as shown in equation 5.1. This formulae reported by Huang and Menq (1997) 

corresponds to strip footing. A shape factor for rectangular footings on reinforced soil has been multiplied as per Huang 

and Menq (2000 ).  

 

For the calculation of ultimate load carrying capacity of eccentrically loaded foundation on reinforced soil, the 

reduction factor method proposed Purkayastha and Char (1977) for the case of un-reinforced soil has been extended. 

The relationship can be written in line with Purkayastha and Char (1977) as shown in equation 5.2 

 

Where, quR(e) is the ultimate bearing capacity of reinforced sand under eccentric loading; quR is the ultimate bearing 

capacity of reinforced sand under centric loading and RKRis the reduction factor. Patra et. al. (2006) proposed reduction 

factor ( RKR) for strip footing on reinforced soil in as shown in equation 5. 

 

ANALYSIS OF TEST RESULT 

 

The ultimate bearing capacity of reinforced sand for both cases i.e. B/L=0.33 and 0.5 with different values of e/B and N 

has been tabulated in Table 5.7 and Table 5.8. Using the experimental ultimate bearing capacity calculated from load-

settlement curve, the ratio quR(e)/qUr has been calculated for each case. The reduction factor RkR is then calculated for 

each case by using Equation 5.2 and tabulated in Table 5.7 and Table 5.8.   

 

Empirical relation for reduction factor (RkR) proposed by Patra et. al. (2006) for strip footing shows that RkR is the 

function of  df/B and e/B and may be express 

 

The purpose of the present study is to find out the coefficient for rectangular footing by conducting a number of 

laboratory model tests using rectangular footing with B/L=0.5 & 0.33 resting over multi-layered geo grid reinforced 

sand bed.  
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CONCLUSION AND FUTURE SCOPE 

 

A number of laboratory model tests have been conducted to determine the ultimate load bearing capacity of rectangular 

model footings resting over geo grid reinforced sand and subjected to vertical eccentric load. All the tests have been 

conducted for footing resting on the surface.  

 

Following are the summarized results of present research work.  

 

 The ultimate bearing capacity of the foundation for un-reinforced and reinforced soil decreases with the increase 

in eccentricity ratio i.e. e/B.  

 The ultimate bearing capacity of the foundation increases with the increase in number of reinforcement layer.  

 Reduction factor for the footing with B/L=0.5 & 0.33 has been derived separately and then combined to get a 

simple generalized equation of reduction factor for rectangular footing as shown in Equation 5.11.  

 A comparison of the experiment and predicted ultimate bearing capacity for rectangular footings on reinforced 

sand bed by using concept of reduction factor is calculated using the derived relation and presented in Table 5.9. 

The maximum deviation of experimental from predicted is 7.14%.  

 

Scope of Future Work  
The present research work is related to bearing capacity of eccentrically loaded rectangular footing with B/L = 0.5 & 

0.33 resting over reinforced sand bed. Due to time constraint, other aspects related to shallow foundations could not be 

studied. The future work should consider the below mentioned points:  

 

 The present work can be extended for footing with different B/L ratio and the result can be correlated with the 

result of present work.  

 A generalized equation for ultimate bearing capacity of reinforced sand bed can be derived for any shape (i.e. 

square, rectangular and strip) of footing.  
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